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r. relates to diesel fuels and more 
^ese uels whicU produce lover 

A n^er of per ^^f^erent grades 

-^"^""Vors - c application. . nu^n^er of 
depending upon '^^'^ Jl^^ these 
different properties are s ^^^^^ ^^.^^^ 

specifications i^J'^f/J^:;^ ,;.fur content, 
cloud point. PO-J°^;:;;, /^ition ^ality. Of 

distillation range, gravi y ^^^^t parameter 

these, the ignition quality is an p^^ 

and is usually ^^Zst .ethod oei3. 

determined by . "'^^"".^er differ from those 
Oiesel fuels of h.gh "^^^^ ^ ignition 
lower cetane n-^-^^^J^n'to the cylinders of 
- Tf ^r^-ane numher also ignite 

the engxne. ^^^^ ° Lperatures than the lower- 
lower compressed air t P ^^^^^^ 

eetane fuels, Pe-i^-"^^^^;^ to a steady 

lower temperatures and ^^^^ combustion 

running condition more guxcWy 

• another important characteristic of 
Viscosity IS another imp 

diesel fuels, affecting ^^^^l^^^^ ^ J, as 

t.e power required to <^^^^''; '-^l^\Z fuel droplets 

,..i.g an i-^-njunder through the injection 
sprayed xnto ^he cyl.n ^^^^^^^^ 

° tsll^ft^ determined by .STM test 04.5. 

kinematic viscosity, ^^tions are setting 

current environmental regu 

stricter ^P^^^^"^" traLatics level, 
in terms of sulfur -nt-^ ^ 
o i*:,,,- is of course, associaiieu 
35 Sulfur IS, 



PCT/US94/02254 



WO 94/20593 



-2- 



the -'^^ increasing ,ovem.e„t 
one type of servl underground mines 

regulation is being proposed " " %,.„,,^3 

and maintenance, increased al ^^^^^ 

.educed level ot "J^, en 

improve air quality, each " "^J^'J juels 
problems. Another solution 1«= " 

--r .rrri::- ^^^^^^^^^ 
ryTrore:rbsra:ro^roducts^ci.^^^^^^^^ 

„ coupled with suitable '^^^'"i^^^^^itable for 

.Usel fuel "«^f/;-,re:gSniIg --iP-t 
use in underground diesel engl „tiy 

and are — \t™ent regulation, 

regulated emissions «>*5»'='^^ ' nitrogen, unburned 
na-ely, carbon monoxide, oxides -^^^^ 

hydrocarbons and P«^- ft:; ir« sulfur content, 
present low emission controlled 
lo» final boiling range and a hign o 

e„lssion guaUty. 

.ccord ng to the P ^^^^^^^^ ^^^^^^ ^„ 

comprise a straignt ru cetane number 

point not ; rfic';ravity not 

i„ the range of = to e P ^^^^^^ 

greater than 0.83, a suli to 25%. These 

35 0.1 wt% and an aromatics content of 1= 
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fn.ls are also distinguished by a nu«^er of other 
. Tcharacteristics which are discussed below. 
^"Tn r arccUin. arawings figures 1 and . are 
,.aphs Which show the results f /^^^f;/;;,,,, 
emissions testing for a low emission diesel 
a conventional autodiesel fuel. 

The kev feature of the present diesei 

fueis. Hiaher cetane 

o£ 55 to 60, preferably 55 to 58. Kig 

„.^rs are =o„=i.ered -"-"'"^^'^^^j:, the 
.o^a that although gaseous ^---^^Z.^^. 
cetane number increases the partlcuxai^ 

rn:.ih.g the --f^ -re-rrto 

maintained at: minimuii 

u ^vpi-v. - : t;::,L h, the 
r:: ra:: zr. 'zl^ - - - 

""-r :;:;mario:Tt:^ueX is co„troUea so as 
The ,i„ce high densities 

to limit the density o£ the lu 
have been lound to contribute signlticantly 
. Tssion o. partioulates «h«. «e --^^ ^^^^^^ 
.ontrolled - -/-f/: ^ " i^ P.-« 

'""""'tTasttn "Ld that the .ro»ati=s present in 
.ore, It has been £o ^^^^^ ^^^^ 

the controlled 'density 1 „pnthalen.s, 

— - "tCrinTerms 0£ their ejects on 
»=t har^°l, ei ,„i,,i„„s. The tinal 

co»bustron^.l ty or on ,^ ^^^^^^^^^ ^^^^ ^^^^^ 

tuHlS- 6 -rand preferably below 300-c 

PrLided that this limitation is observed, 
, yc c and polyoyolic arctics »ill be 
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substantially excluded. T.e T. -i^^-J^^f ^ 

Of the fuels is typically in the range of 255 
270-C (490-F to 525-F). ^^^^^ 
The initial boiling points of the ru 

1 +-vnicallY in the range of 170 to 
than conventional, typically m 

. *. '^iA-F\ Ten percent poxnts (T^q) 
190'C (340- to 374 F) . g^. to 

Tat i'si^ifi-nt amount of paraffins is present 

coZi^^s .0 t.e .i,. cetane nu^er 
Characteristic of the present fuels. 
contrihute to the ""^''fch Taf .! f » ana 

,^ °:,rra:re o « -'"^ 

'TZZZ r^the Xover API gravities of 
40. This contrasts wi^^ 

— °- :r ;^x"o: 1" fuels 

„. The ^'""°J""J;^,,^ low hoiUn, rancie, 
D 4052-91 i«, oonsistait typically in 

that of conventional fuels, ^nv 
lower than ^^"^ °\ oontrasting with values of 

'TLlo ; 88 for co;ventional fuels. Also 
about 0.84 to 0.88 for ^ boiling 

consistent With the^^^^^^^^^^^ .ow viscosity, 

materials xn the fuels ^^^^ ^^^^^^^ 

typically from 1.7 to 1.9 / ^ 
-^"°:rrs rltrstt - higher viscosity 

T^'teristics Of conventional automotive diesel 
characteristxcs oi ^ 

fuels, Which are ^^^^^^^ ^ present 

" re^^in ^n;en^onal' infection pu.ps 
fuels Bay be ^^^^ harmful effects, 

without xncreasxng leakag ^^^^ 
Tn order to reduce the levex ox 

in - :rrar. 
. rero;:."::t!-^»eLofsuit.hie.ru.e 
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sources =r refinery hydrotreat.ent, sulfur levels of 
T". peroen. ».y ^ .«,i.e. ... .re des.r.ble 

the emissions st^dpoint. »l"o,en, by 
co:«rs:, is no. .specuny lo., .VPi-"V 

Z TtULte fuels are str.i,« run i.e not 
V d distillate stocks «>d this ch.r.=terist.= is 
cracked, distiixa^^e below 10 

„ixe=ted in their olefin content vhich xs belo- 
It. percent .nd usually below B «t. Pe-en<:. 
I!;u«tes, b, contrest, »ake up about 65 to 70 vt. 
pernt oi L fuel with arctics bein, no .ore ^an 
about 35 .t. percent, usuelly in the r.n,e of » 

" --it^nroduct specifications .re ,ener.lly 

■ diesel fuels for use xn high speea 

rrsTirf shToInt, pour point and cloud point 
Ti "^cordin, to established »P-i^i-^-^ ^„ 

the rM.,e of 55 J specifications. Pour 

> :r:Tr: ... ,beio„ .nd 

cl^d points lower than -.5-0 ,-15-F) ■ 

„ additive paclcge is incorporated in 
present fuels, co»prisin, a 
, Lucer and . cetene improver. ""-"'--^ 

materials m.y be used for this '^-^^'S^tors and 
detergent «.int.ins cleanliness in the i"i«"^ 
tS!r close-tolerant components especially those 
other close „t^o areas of the engine, 

olose to the higher >= ^ injection pump 

,„ The friction reducer ""^"'""' '"^^^.^nj actors by 
life and also assists "P^"""" ^7^,, l,„tl.s and 
.Cilitatlng opening of ' . J„„. 

rainrrorerTs in its conventional role of 

35 improving combustion quality. 
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A number of conventional additives of these 
types Bay be used. We have found a particularly 
preferred coinbination is to use a succinimide type 
detergent, preferably a poly (alkenyl) succinimide. 
A suitable treat rate for detergents of this kind to 
impart the desired detergency properties is fro:n 60 
to 80 pounds per thousand barrels (ptb) . preferably 
75 ptb, although the treat rate used should be 
selected according to the characteristics of the 
detergent in actual use. A preferred detergent is a 
polybutenyl bis(succinimde) produced from a 
polybutenyl succcinic anhydride and tetraethylene 
pentamine (2:1 ratio, pb mol. wt. about 1200) in 
combination with ethylene diamine tetraacetic acid. 
This combination is described in U.S. Patent No. 

4,971,598. _ , . 

A suitable friction reducer is typically used at 
a treat rate which is sufficent to confer the desired 
reduction in friction, typically from about 5 to 10 
ptb, preferably about 7 ptb. A suitable friction 
reducer comprises a dimer acid having 36 carbon atoms 
(acid dimer of oleic acid) in combination with 
nonylphenol. A suitable commercial friction reducer 
is the one sold under the trademark Mobiladd F-800. 

conventional oetane number improvers such as the 
alkyl nitrates e.g. octyl nitrate, may be used m 
amounts appropriate to the desired ignition quality, 
typically from 0.1 to 0.5 volume percent, preferably 
about 1 to 2, e.g. about 1.5. volume percent. 
30 Other additives of the kinds normally used in 

diesel fuels may also be present in conventional 
amounts to impart the desired properties to the fuel, 
for example, antistatic additives, antioxidants and 
stabilizers to improve storage stability, dyes for 
35 color etc. 
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present fuels ^ ^^^^J^J^,,^ 

Hydrotreating may be used if desire 
sulfur level. 

iX^SSS^-^SStim ^ ^^^3 prepared 

Xwo low eniss ons ,,i,,,,ion fro. a 

,0 in two strait, Australia) and 

paraffinic crude source (Ba ^^^^ylene 

are shown in Table 1 below. 

Fuel properties 

API Gravity 0.8226 

Density e 15C 2.5 2.8 
Viscosity, cs. J 20 C 

25 Viscosity, cs. 6 40 C ^ 3^, 61 Ul 

Flash point, C(F) .37(-35) '^l ?|i 

pour point, -C F -36-32) -28(-18) 



30 



130 



Cloud Point, 'CCF) 

130 « nfi 

Nitrogen, ppm o.Ol ,4 

sulfur * ^ ^Tiv-m 319-1 24 



sulfur =S mllQ-l 

Aromatics, %, FIA-D1319 1 
Dilstillation Temperature, 181(357) 

IBP 205(401) 418 

TIO 232(450) 241465 

35 T50 259(498 o^o 571 

T90 282(540) 299(S5/ij 

EP 



59.0 



Cetane Number 47 '.g 50.0 

Cetane Index, D 976-80 
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«>e two fuels .er. tested .or 
.i„e«nt engines, a Cumins --"'--^:„^;,„, . 
liter enain. with turbocharger and intercool 

redesU-^^^^^ 

intercooled engine, m „^«rt„re fFTP) emission 

i-hB n s Federal Test procedure (Hf) 
""l! .Sle » engine vas run t.e ECE 

e "ed to certlfv heavy duty engines 
Trop^ Tne percentage Improvement In ...ssxcns « 
• ™ v,i. 5 below, with the iiiprovei.ents 

If relatirt t.ose obtained with average 
:rnr/rL tirconventlonal, co-erclal automotive 

diesel fuels. 

Table 2 

improvement in Emissions 



20 



25 



17 12 



14 
4 
-1 



30 



35 



/■^iiynfflT-nS 6BT 

FTP Cycle 34 
steady State 
Idle 15 
30 mph ^ 
50 mph ^ 

FTP cycle 31* 

yrn nM366IA 
ECE R-49 

Average (2) 

overall 
Average ( 2 ) 



12 
1 
3 



13 
24 

24 



20 
18 



3 
7 











Eart 


HC SQ 




P?trt, 


65 


31 23 


16 


56 


19 
54 
20 


26 25 
14 11 
11 9 


11 
5 
6 


28 
54 
25 


28 


-8* 36 


7 


-2 


13 


17 28 


4 


18 


35 


24 29 


9 


24 



24 8 29 



- -fore^rf/leren^^^^^^^^^^ 
(2) Average FTP and ECE R-49 
* Not included in average 
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^ shown above, the low e.isslon diesel fuel 
, ■ .11 three test engines, using 
reduced e.issions .n .11 thr^ emissione 

- two ^"-«-;ro 3rr;.,d"=.:hon3! , to 33, 

reductions «re » t 3« ^ ^„ 
i„ carton .onoxide^ 4 ^^^^^^^^^ ^^^^^^^^ , 

Tirnm a .or the low enission .uels which 

o/plrticular utility in underground .in.n, 

environment. 

^^^^^tftii^it^"- m particulate emissions 

..h r engine -^^^^rr °^ 

.he particulate on ^th^ particulates 

soluble organic '•^-'^^''J^J „sing a .ethylene 

„s extracted jro. ^ ^1- P ^^^^ ^, 

ntteTin t^ angina ,»obil 1 synthetic oil, 
' Tu^le^ " .as chro^tography. The test 
were sub^eCTea w . ^ 4.>,o eniuble organic 

methodology used «r analyzing tha B=lub ^g^ 

taction o. the P^f ^-/f^/^JHrrticulate-bound 
8,0626 "Direct analysis "^J^^^ ^.^ 

..drocarbcns ^ ^-J^^'^l^Z in figures 1 and . 
infection". The r 

low emission aiesel f eutomotive 
results obtained with a oonv ^^^^ 
diesel .uel. " both cases t^e upper^ ^^^^ ^ 

= - — nr— e dlesel .uel gi^s 
en SOF trace showing components «om both the fuel 

! L lube indicating that significant 
and fro. the lube in ^^.^ 

hydrocarbon ^ce f rom the i= 

fuel- By contrast, Tine u 



35 fuel 
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, ^ entirely free of the fuel components, 



emissions. 
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. ^or, diesel fuel having a cetane 
K low emission aiesex j." 

" IZr in t.. r,:^e .0 to 60, wh.C 

• .rinllial boiUn, point in the rang, of 
:rr«: "an ena point not .i*et tn„ 
„..c. . sulfur content of ^ ^o' 0^. 
percent an. aro.,tics -""^ 

percent, . ^P'^""' 
15-c and an API gravity of 38 to 43, and 
,ii) an additive package comprising 
detUnt, a friction reducing additive and 
cetane number improver. 

^ diesel fuel according to claim 1 in which the 
2. A diesei lu . . the distillate is in 

initial boiling point of the ais 
the range of 170 to 180 'C. 

. -----r:rrerturat:f,r.:- 

10 percent point of the aistx 



20 to 220-C. 

4. 



claim 1 in which the 



300*C. 



5. 

25 

6. 



, according tc clai. i in «hich tne .0* 

point Of the fuel is in the range of 255 



270'C, 



^ fv,el according to clai» 1 m «hi=h the Ml 
^ra'ty Of the distillate is fro. 3, to 
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0.82 to 0.83. 

5 maximum sulfur content is tro 

wt%. 

^laim 1 which has a 
. .usel fuel .ccor » " ^ 

cetane number m the range 

^i^r, i-n claim 9 which has a 

10. ^ aies.1 fuel ,3. 

^0 cetane number in range of 55 
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^Taim 1 in which the 
polyaixenyl succini.iae aeter,«.t. 

. ...ex fuel .ccerain, ^^f^ -^"iSse. 
the polyallcenyl succmmlde deter, 
, polyisobutenyl succlni-iae. 

,3 . .ie.el fuel .ccordin, t, clai» l in «.e 
13. A uxc „„™T,T-ises dimer acid, 

friction reducer comprises a 

t.^ ,^iaim 1 in which the 

^' fuel according to claim i i' 

A diesel fuel ac nitrate, 
cetane improver comprises an alkyl 

to claim 1 in which the 
. aiesel fuel „,,rate. 
cetane improver comprises o y 

u ,.1 aim 1 in which the 
0.23 g/1 of the finished fuel. 



14. 



15- 



16. 
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uttio. reducer i. present in u,e a»ount 
o!<,14 to 0.02S g/1 Of the finUhea fuel. 

,3. , ,ie«l fuel eccordin, to cl.l. 1 havin, . 
pour point below -30 'C. 

X,. » aiesel fuel eccordin, to del. 1 h-in, . 
Cloud point below -25 'C. 

,0 A dlesel fuel according to del. 1 havln, a 
flash point in the range of 5. to eS-C. 



I>CTrt3S94/02254 




SUBSTITUTE SHEET (RULE 26) 



PCT/US94/02254 



WO 94/20593 

2 / 2 




SUBSTITUTE SHEET (RULE 26) 




us • 44/413.418,457 

^ • — ' Tftiihai such documcnis arc 

,;emalional search (name 



Kirk-Oihmcr 



-ofdaubase and, where 



■;cluded in iheHelds searched 



pmcucable. search lenns used) 



;^;;:;n;^„,teddunngmeu,« 



Of Chemical Technology", h -20 
rrrp:«0. Wllev . sons .ew 

-^^she?^^^^^^^^^^^^^ ^^^^ n 

rs\...B.3Se.an.onn3— .eS. all pa.es ^V^^ 



cr documents .re Usiedmthej 

g of ctied d 



... conlinuaLionofBoxC. 

Further 

be of P^r^cubr rctrv^^ce ^^^^^ 

, doubt, on poomy^;^,, .^cr 



pi Sec paicni family annex. 
*— ^ I I 



•r 



tour documw* L _ ^ 



u:^ m«V IhfO* OOUW" 



document 



„ « orti dUck-urc. UK. 

,oMir.lm|<l«iebuiU. < 



03 MAY 1994 

Commissioner oi ftxcm* 



published prior u.a...ni.m.:.o, 



principle or iheoty uw.««y — — 
bc«>| obv.ou.uitpcT»on-:iiK« 



Pal 

f TVlenhone No_ 



f7orL30L222L 



